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The ob jec t  of t h i s  r e p o r t  i s  t o  provide a d e s c r i p t i o n  of t h e  f i r s t  
6 months of work under t h i s  program. During the  per iod ,  as a n t i c i p a t e d  i n  
the  work s ta tement ,  most of t he  devices t o  be s tud ied  have been obta ined ,  
measurement c i r c u i t r y  has  been developed , p r e i r r a d i a t i o n  c h a r a c t e r i z a t i o n  has 
been s t a r t e d  and i s  near ing  completion, and measurement procedures and c i r -  
c u i t r y ,  and equipment f o r  the a c t u a l  i r r a d i a t i o n  have been and are being 
modified.  

No conclusions are a's y e t  warranted by these  ex tens ive  b u t  pre l imi-  
na ry  e f f o r r s .  It i s  recamiended t h a t  s ta te -of - the-ar t - type  devices  f o r  f u t u r e  
programs be purchased and n o t  obtained g r a t i s .  

_. . . 
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THE EFFECTS OF SPACE RADIATION 
ON SILICON INTEGRATED MICROCIRCUITS (U) 

INTRODUCTION 

This r e p o r t  covers  t he  f i r s t  6 months of the  program (June 29 through 

December 31, 1965), and desc r ibes  the  work accomplished dur ing  t h i s  per iod.  

The ob jec t ive  of the program is t o  c l a s s i f y  four  c a t e g o r i e s  of i n t eg ra t ed  c i r -  

c u i t s  according t o  t h e i r  e l ec t ron - rad ia t ion  s u s c e p t i b i l i t y .  

The program i s  divided i n t o  s i x  consecut ive p a r t s :  (1) ana lys i s  of 

t he  mic roc i r cu i t s  t o  determine measurements t o  be made and the  measurement 

procedures t o  be used; (2) ccwplete p r e i r r a d i a t i o n ,  electrical  cha rac t e r i za -  

t i o n  of the  devices;  ( 3 )  inst rumentat ion modi f ica t ions ;  ( 4 )  e l e c t r i c a l  monitor- 

i ng  dur ing  and measurements, r e i a t e d  t o  the  a c t u a l  i r r a d i a t i o n ,  such as dosimetry 

and temperature;  (5) p o s t i r r a d i a t i o n  c h a r a c t e r i z a t i o n ,  as complete as electrical 

opera t ions  w i l l  al low; and (6) ana lys i s  of r e s u l t s .  

The work descr ibed  i n  t h i s  r e p o r t  i s  t h a t  of t he  p a r t i a l  completion 

of t h e  f i r s t  t h r e e  p a r t s  of the  program. Under these  three p a r t s ,  most of the  

devices  have been obtained and analyzed, and the  measurement procedures and 

most of t he  p r e i r r a d i a t i o n  c h a r a c t e r i z a t i o n  completed. The instrumentat ion 

modi f ica t ions  are, however, s l i g h t l y  less than h a l f  completed. 

Devices t o  be Studied 
_. . - 

The devices  chosen f o r  study i n  t h i s  program are d i g i t a l  and l i n e a r  

s i l i c o n  in t eg ra t ed  mic roc i r cu i t s .  The devices  c o n s i s t  of g a t e s ,  f l i p - f l o p s ,  

and ampl i f i e r s  chosen from s e v e r a l  manufacturers and represent ing  var ious  ca t e -  

g o r i e s  of device  types.  Tzble 1 summarizes t h e  choices  under the  preceding 

c r i t e r i a .  The le t ter-number i n  t h e  t a b l e  r ep resen t s  t h e  manufacturer pa r t -  

des igna t ion  coding as previous ly  furnished t o  M r .  F. Gordon by l e t t e r  on 

September 20, 1965. 
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TABLE 1. MICROCIRCUIT, CHOSE3 FOR STUDY 

Type of 
Device 

Category 
of Device Gates Fl ip-Flops Amplif iers  

D i e  l e c  tr i c  
I s o l a t i o n  

MOS 

Micropower 

Opera t iona l  

D i f f e r e n t i a l  

B-3 
G- 1 

K- 1 
A- 8 

I- 1 

K-2 

1-2 
5-4 

A- 7 
H- 1 

c-3 

Charac te r i za t ion  

-. . . 

P r e i r r a d i a t i o n  e l e c t r i c a l  c h a r a c t e r i z a t i o n  of the devices  required 

a n a l y s i s  of them i n  o rde r  t o  determine what measurements should be made and 

the  methods of making them. The work on the  previous c o n t r a c t ,  NAS5-3985, w a s  

reviewed t o  i n d i c a t e  areas t h a t  could be  improved o r  e l iminated.  Seve ra l  of 

t h e  more no t i ceab le  changes t h a t  r e su l t ed  are the  d e l e t i o n  of the  capaci tance-  

v o l t a g e  measurements and t h e  l i f e t ime  measurements, w i th  emphasis on obta in ing  

more and b e t t e r  g a i n  and V 

completed,  and the  degree of completion i s  summarized i n  Table 2 .  

measurements. A ma jo r i ty  of t h i s  work has been 
S AT 

It should 
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be noted here  t h a t  t he  1-2 devices  have no t  y e t  been de l ive red .  Their  second 

revised d e l i v e r y  d a t e  is  January 1 7 ,  1966. 

TABLE 2. CHARACTERIZATION COMPLETED DURING REPORT PERIOD 

Manu f ac t u r e r  - 
P a r t  Code 

Device Number 
1-5 6- 10 11-15 

A- 7 C C 

A- 8 

B-3  

c -3 

G- 1 

H- 1 

I- 1 

1-2 

5-4 

K- 1 

K-2 

C 

C 

C 

C 

C 

C 

C = Tests completed. 

0 means devices  on hand, but no c h a r a c t e r i z a t i o n  done. 

4 / 8  = 4 of 8 tests completed. 

Not y e t  received from manufacturers.  

Nine samples have been cha rac t e r i zed ,  s i x  samples w e r e  o u t  of 
s p e c i f i c a t i o n  and were rettirned t o  manufacturer for replacement. 
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Appendix I g ives  i n  d e t a i l  the  measurements made on ampl i f i e r  Type 

H - 1 .  This example inc ludes  the  schematics f o r  both t h e  measurement c i r c u i t s  

and the  measurement procedures used. Examples of p lans  f o r  the  o t h e r  device  

types w e r e  no t  included,  since they a r e  ve ry  s i m i l a r  t o  the example plan,  or 

the  p lans  used on the previous p r o j e c t  NAS5-3985. A complete volume of t h e  

procedural  information f o r  a l l  device types  w i l l  be presented i n  the  f i n a l  

r e p o r t  . 

Instrumentat ion 

1.Iodificacions I n  the  ins t rumenta t ion  f o r  i r r a d i a t i o n  have been 

p a r t i a i l y  completed. 

r e b u i l t .  

The Taraday c u p  aild the counter  c i r c u i t  were completely 

The cup w a s  enlarged and b e t t e r  i n s u l a t i n g  material used. The 

counter  c i r c u i t  had been exposed t o  the r a d i a t i o n  dur ing  the  previous program 

and i t  was  f e l t  t h a t  accuracy and p rec i s ion  could be increased by r ebu i ld ing  

i t .  It has been decided t o  load the  dynamic devices f o r  worst  case so  t h a t  

they  w i l l  be compatible w i t h  t h e  s t a t i c a l l y  operated devices .  This loading 

may swamp out  any changes t h a t  would occur i n  frequency of ope ra t ion  of these  

dev ices .  However, measurements w i t h  fan-outs of one could be taken before  

and a f t e r  i r r a d i a t i o n ,  t o  o b t a i n  ind ica t ions  of any t o t a l  change t h a t  has 

occurred.  It a l s o  has been d e c i d e d - t o  modify the  i r r a d i a t i o n - t e s t  j i g  i n  

o rde r  t o  b e t t e r  c o n t r o l  t h e  temperature of t he  dev ices ,  and t o  ease t h e  handl ing 

of  d i f f e r e n t  device  types. The work on t h e  t e s t  j i g  i s  y e t  t o  be performed. 

New Technology 

No information o r  developments apply t o  t h i s  s ec t ion .  
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Future Plans 

The next  r epor t ing  period under t h i s  program w i l l  inc lude  the  comple- 

t i o n  of t h e  pre l iminary  c h a r a c t e r i z a t i o n  as descr ibed  above and i n  Appendix I, 

the  performance of t he  i r r a d i a t i o n ,  the p o s t i r r a d i a t i o n  c h a r a c t e r i z a t i o n  and 

ana lys i s  of r e s u l t s ,  and the  prepara t ion  of t h e  F i n a l  Report. The i r r a d i a t i o n  

p a r t  of the  program c u r r e n t l y  w i l l  c o n s i s t  of t h e  i r r a d i a t i o n  of 10 devices  of each 

device type i n  a 3 Mev e l e c t r o n  environment. F ive  of each type w i l l  be i n  a 

dynamic opera t ing  conf igu ra t ion ,  and the o the r  f i v e  w i l l  be i n  a s ta t ic  con- 

f i g u r a t i o n .  These devices  w i l l  be monitored dur ing  t h e  i r r a d i a t i o n .  The 

monitor icg procedures w i l l  b e  similar t o  the  ones t h a t  were used on the  previ-  

ous program. F ive  o t h e r  devices  of each type w i l l  be r e t a ined  as c o n t r o l s .  

It i s  expected t h a t  t h e  f i v e  a d d i t i o n a l  devices  of each type w i l l  be 

i r r a d i a t e d  i n  a nonenergized condi t ion  under an expansion of the c u r r e n t  con- 

t r a c t .  These devices  hovever,  will be p e r i o d i c a l l y  checked by the  use of 

pulsed measurements (- l p s e c )  and a l s o  checked a f t e r  exposure by observing 

them i n  a conf igu ra t ion  s i m i l a r  t o  those i n  the  s ta t ic  opera t ing  condi t ion .  

A proposal  has been submitted f o r  t h i s  expansion and should be ac ted  upon dur-  

i n g  January ,  1966. 

The e l e c t r o n  r a d i a t i o n  w i l l  be  proyided by a 3.0 MeV Van de  Graaff 

gene ra to r  , and t h e  t o t a l  exposure w i l l  be s u f f i c i e n t  t o  cause s i g n i f i c a n t  

deg rada t ion  of t he  m i c r o c i r c u i t s  - electrons/cm , o r  more as 

r equ i r ed .  

2 

The p o s t i r r a d i a t i o n  c h a r a c t e r i z a t i o n  w i l l  be e s s e n t i a l l y  the  same as 

t h a t  descr ibed  for t h e  p r e i r r a d i a t i o n  measurements. Some modi f ica t ions  may be 

necessary  because of t he  radiation-induced changes i n  the  mic roc i r cu i t s .  
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The d a t a  ana lys i s  w i l l  be performed t o  determine the type and degree 

of e f f e c t s  due t o  r a d i a t i o n ,  t o  compare the  re la t ive  behavior  of t h e  var ious  

classes of c i r c u i t s  s t u d i e d ,  and, where so ind ica t ed ,  t o  recommend changes 

t h a t  would provide increased r a d i a t i o n  to le rance .  

Conc l u s  i ons and Rec ommenda ti ons 

The pre l iminary  na tu re  of the work accomplished t o  d a t e  under t h i s  

It is, however, program does n o t  warran t  t h e  drawing of any conclusions.  

recommended t h a t  i n  f u t u r e  programs cons idera t ion  be given t o  the  purchase of 

s t a t e -o f - the -a r t - type  p a r t s .  

p a r t s ,  and the  d e i i v e r y  of subspec i f i ca t ion  p a r t s  f o r  t h e  p r e s e n t  program have 

been t i m e  consuming and r e s u l t e d  i n  some i n e f f i c i e n c i e s .  

t h a t  some of the problems may have been el iminated i f  t h e  p a r t s  had been 

purchased. 

It i s  f e l t  t h a t  excess ive  d e l a y  i n  d e l i v e r y  of 

Our impression is 

. .  _. . . 



APPENDIX I 

TEST PLANS AND PROCEDURES 



TEST PLAX FOR H - 1  

12 

T 

11 

1 
6 

TEST COXDITIOXS 

1. ?in 12 - 12 v o l t s  

2 .  P i n  5 - ground 

3 .  P i n  6 - -12 v o l t s  

4. Temperature - 25 C 

TEST PPJL4XETERS 

1. C i r c u i t  Gain and Dynamic Output 

2 .  Bandwidth 

3 .  

4. Inpu t  Bias Current  

5. Inpu t  Of f se t  Voltage 

6 .  Res is tance  

7 .  SPX T r a n s i s t o r  D-C Beta 

8. PSP T r a n s i s t o r  D-C Beta 

Input  Coniion Mode Rejec t ion  Rat io  

-. . . 



Ctt4UCTERTZATIOS (AMPLIFIER) 

C I R C U I T  TYPE: H-1 

.\.~&YC C#YDTTTOSS _!, $1 VOTES 1 
I i 

) I  
. ? i n  12 - 12 v o l t s  I !  

I "  I t'i 

b j  
el 

Pin 5 - ground 
Pin 6 - -12volts 
Temperature - 25 C 

4 

t 

, C i r c u i t  Gain 
i 

I. Apply a 5 vpp signal through a 20 K and 2.2 ohm 1 1 d iv ide r  i n t o  ampl i f i e r .  ' 1 Record peak-peak output  s i g n a l .  Open loop. 

! 1 Increase inpu t  s i g n a l  u n t i l  output  s i g n a l  goes 
b i n t o  s a t u r a t i o n  record both  p o s i t i v e  and e 
f 

t. $ 1 t negat ive s a t u r a t i o n  l e v e l s .  Open loop. 'J Dynamic Outpu t  
! p - 

Bandwidth 

I 

Frequency a t  which ampl i f i e r  ou tput  drops o f f  4 2 1 3 db. Open loop. 
& j l  
r 

' InTut Common Mode 
Rejec t ion  Ra t io  

' 

Amplifier t i e d  down t o  a ga in  of 100. Input  

; 3 I s i g n a l  was  1.0 kc and 1.0 v o l t s  r m s .  

[i I 

i. I nput  B i a s  Current  

9 )  

! I  
I' '1 4 

Input to '  ground-open loop conf igura t ion  

I 

h -.- 

i Input  Of f se t  Voltage 
1 Set  up open loop; a d j u s t  i npu t  vo l tage  u n t i l  

I5 [ zero  v o l t s  appears a t  the  output .  The vo l t age  1 1 appl ied t o  the  inpu t  i s  the  o f f s e t  vo l tage .  

Res i s t anc  e Resistance between Pins  6 and 8 .  A l s o  
r e s i s t a n c e  between Pins  1 and 12. 

a '. I !  



CIRCUIT TYPE: H- 1 

- 
IAPP. I 

! - P,? 4.??ETXR !TEST I CONDITIONS 

t 
! i I 

A 1 milliampere collector current is  set and 
the base current i s  measured. 

NPN Transis tor 
D-C Beta 

f 

A 1 milliampere co l l ec t  current i s  s e t  and the 
base current i s  measured. 

PNP Transis tor 
. D-C Beta 

! 
4 i 
j 

-. . . i 1 .  

i 
i 
? 

* _I 
. -* 

C 

I - .4 



CIRCUIT TYPE: H-1 I 

TESTNUMBER: 1 

I TEST TITLE: C i r c u i t  Gain and Dynamic Output 

TEST CONDITIONS: 

1. Connect c i rcu i t  a s  shown 011 schematic 

~ 2. Use H.P. 20oA33 o s c i l l a t o r  for the s i g n a l  source.  

SCHEMATIC : 

r 

I, 

1 12 84 Crf I 
11 

1 meg. 

+12 v 

m t u  

/\ 

I 10 
20 K 3 

t 
-12 v 

.. 
TEST PROCEDURE: 

.l. 

2. 
3. 

Adjus t  the  s i g n a l  genera tor  output t o  5 v.p.p. 

Record output  s i g n a l  peak-to-peak amplitude a s  Vo. 

I nc rease  s i g n a l  genera tor  output u n t i l  both the  p o s i t i v e  and negat ive 
p o r t i o n s  of t he  output  s i g n a l  a re  i n  s a t u r a t i o n .  

4. Record t h e  p o s i t i v e  and negative s a t u r a t i o n  l e v e l s  with r e s p e c t  t o  ground 
as VsAT and -VsATo 



TEST -PROCEDURE CONTINUED: 

PARAMETERS 

APPROXIMATE READINGS AND LIMITS EXPECTED 

READINGS 

11 volts 
.. .... 

~ 9 volts 

vO 

(* 'SAT 

CIRCUIT TYPE: B-1 

TEST NUMBER: 1 

LIMITS DURING TEST 

None  

None  

COMMENTS : 



I 
CZRCU3.T TYPE: H-1 , 

TEST hTJN3ER: 2 

I t  

.I 

- 1  12 
2 11 d h  
3 10 

4 3 1  

TEST TITLE: Bandwidth 

TEST CONDITIONS: 

d\. 

r - v  

- 

1. Connect c ircuit  as shown. 

2. 

3 .  Use Ballantine True RMS Voltmeter on the output. 

Use H.P. 200AB for signal source. 

SCHEMATIC : 

TEST PROCEDURE: 

1.. A d j u s t  the signal generator for +10 db a t  the amplifier output a t  200 cps. 

2. Increase signal generator frequency until  the amplifier output decreases 
to  +7 db. 

3 .  Record signal generator frequency as Bw. 



CIRCUIT TYPE: H-1 

PARAMETERS 

TEST NUMBER: 2 

READINGS LIMITS DURING TEST 

- 30 kc - .  

TEST PROCEDURE CONTINUED: 

*w 
1 kc - 40 kc 

COMMENTS : 



CIRCUlT TYPE: H-1 

TEST NUMBER: 3 

TEST TITLE: Input  Common M o d e  Reject ion Ra t io  

TEST CONDITIONS : 

1. Apply +12 v o l t s  t o  P in  (12), -12 v o l t s  t o  P in  (6), and ground P i n  (5). 

2 .  Connect a 50 pf c a p a c i t o r  between P in  (1) and Pin  (9). 

3 .  Connect 200 Kl r e s i s t o r s  (matched t o  *0.01%) between P in  (1). 

4 .  Connect a s i n u s o i d a l  s i g n a l  generator  t o  Pins (2) and (3) through a common 
2 p f  coupling capac i to r  and 2 I<R r e s i s t o r s  (matched t o  *0.01%). 

5 .  Connect a VTVM between Pin  (11) and ground. 

SCHEMATIC : 

Sig  . 
Gen. 

- 

200 m 

50 pf 
I f  +I2 v 
I \  

2 K  - 1  12 -% 

2 11 -\ 
3 10 VTVM 
4 9 ,  
5 8 
6 7 

1 

- - - - 

-12 v 

- .  
TEST PROCEDURE: 

1. 

2. Measure and record t h e  rms output vo l t age  as V 

S e t  t he  signal gene ra to r  frequency t o  1.0 kc and the amplitude t o  1.0 v o l t s  rms. 

CM' 



CIRCUIT TYPE: H- 1 

t PARAMETERS 

'CM 

TEST NUMBER: 3 

READINGS LIMITS DURING TEST 1 
3 mv - 0.3 v 10 mv 

TEST PROCEDURE CONTINUED: 



CIRCUlT TYPE: H- 1 

TEST NUMBER: 4 

SCHEMATIC : I \  

TEST CONDITIONS : 

L 1  12 A\ 

- 2  11 

- 3  10 20 K - 

1. 

2. 

3 .  

Apply +l2 volts t o  P in  (12), -12 v o l t s  t o  P in  ( 6 ) ,  and ground P i n  (5). 

Connect a 50 pf c a p a c i t o r  between P i n  (1) and P i n  (9). 

Connect P in  (2) t o  P in  (3) .  

B 

4 .  Connect a d i f f e r e n t i a l  vo l tmeter  and shunt  20 K22 r e s i s t o r  between P in  (2) 
and ground. 

-. - - 4 9 -  

TEST PROCEDURE: 

1. Measure V and record  as Vin. X 



CIRCUlT TYPE: H-1 I 

1 
TEST NUMBER: 5 I 

TEST TITLE: Inpu t  Offset Voltage 

TEST CONDITIONS : 

1. Connect c i r c u i t  as shown. 

+12 v 1 meg.  

t I -tu v 

- 12 v I- - 
_. . 

1. Adjus t  the potentiometer f o r  z e r o  vol ts  a t  P i n  (11). 

TEST PROCEDURE : 

2 .  Measure the voltage a t  Pin (2) and record  as Voff. 



CIRCUIT TYPE: H-1 

PARAMETERS 

TEST NUMBER: 5 

READINGS LIMITS DURING TEST 

TEST PROCEDURE CONTINUED: 

%f f 
_ _  

5 mv 0 - 50 mv 



CIRCUIT TWE: H - 1  

TEST NUMBER: 6 

TEST TITLE: 

TEST CONDITIONS : 

R e s  is  tanc e 

1. 

2. 

3 .  

4 .  

Connect Pins ( 4 )  and (10) together .  

Apply 2 v o l t s  between Pins (4) and (6). Negative te rmina l  to P i n  (4), 
p o s i t i v e  te rmina l  t o  Pin (6). 

Connect t h e  nega t ive  terminal  of a second 2 v o l t  supply t o  P in  (8) through 
a 30 K *O.l% r e s i s t o r .  Connect the  p o s i t i v e  terminal  t o  Pin (6). 

Connect a d i f f e r e n t i a l  vo l tmeter  between Pins  (8) and (6). 

SCHEMATIC : 

2 v  

TEST PROCEDURE: 

1. Measure and record VTv. s 

2 v  

3 .  Remove a l l  connections t o  c i r c u i t .  

4 .  

5. Record . 
Connect p o s i t i v e  s i d e  of r e s i s t ance  br idge  t o  P in  1 and negat ive  s i d e  t o  Pin 12 .  

% 



CIRCUIT TYPE: H-1 

READINGS 

TEST NUMBER: 6 - 

LIMITS DURING TEST 

TEST PROCEDURE CONTINUED : 

6.5 K-ohm 

APPROXIMATE READINGS AND LIMITS EXPECTED 

4 K - =  

PARAMETERS 

X V 

% 

_. ~ 

1.0 volt  0.7 - 1.3 volt I1 



TEST 

- 6  

TITLE : 

3 10 

4 9 

5 8 100 Kn 
i 1% 7 

CIRCUIT TYPE: H- 1 

TEST NUMBER: 7 

Nl?N T r a n s i s t o r  D-C Beta 

TEST CONDITIONS : 

1. Ground Pin  6 .  

2 .  Connect t h e  nega t ive  s i d e  of a power supply t o  ground and t h e  p o s i t i v e  s i d e  
through a 100 IC2 f 1 per  c e n t  r e s i s t o r  t o  P i n  10. 

Connect t he  nega t ive  s i d e  of a 4-vol t  power supply t o  ground and the  p o s i t i v e  
s i d e  through a 1 KR f 0.1 pe r  c e n t  r e s i s t o r  t o  P in  11. 

Power supply set t o  0 v o l t .  

3 .  

4 . Connect d i f f e r e n t i a l  vo l tme te r  across  1 K-ohm r e s i s t o r  . 

SCHEMATIC : 

1 

2 
l2 I 

*0.1% 

5- - - 4 v o l t s  
T 

TEST PROCEDURE: 

1. Adjus t  V1 u n t i l  V i n d i c a t e s  1.0 v o l t s .  X 

2 .  

3 .  

Remove the  d i f f e r e n t i a l  vo l tme te r  and apply a c r o s s  t h e  1 O O I ( n  r e s i s t o r .  

Measure and record t h e  reading of the d i f f e r e n t i a l  vol tmeter  as V NPN' 
= -  I. x 100 . vX 100 K 4 .  B = -  

VNPN 1 K  vNPN 



. 

PARAMETERS 

CIRCUIT TYPE: ~ - 1  

READINGS 

TEST NUMBER: 7 

TEST PROCEDURE CONTINUED: 

APPROXIMATE READINGS AND LIMITS EXPECTED 

II COMMENTS : 

LIMITS DURING T E S T  

0 - 20 v o l t s  

The 240-ohm c o l l e c t o r  r e s i s t o r  w i l l  poss ib ly  introduce some e r r o r  due  
t o  i t s  change as a r e s u l t  of r a d i a t i o n .  However, from p a s t  experience the  change 
i n  r e s i s t a n c e  value should be so small as t o  be w i t h i n  the instrumentat ion e r r o r .  



CIRCUIT TYPE: H- 1 

TEST NUMBER: 8 

TEST TITLE: PNP T r a n s i s t o r  D-C Beta 

TEST CONDITIONS : 

1. Ground P i n  11. 

2. Connect t h e  p o s i t i v e  s i d e  of a 4 power *0.001 v o l t  supply t o  ground and t h e  
nega t ive  s i d e  through a 1 K-ohm kO.1 per  c e n t  r e s i s t o r  t o  P in  10. 

3 .  Connect t h e  p o s i t i v e  s i d e  of a power supply t o  ground and the negat ive  s i d e  
through a 1 K-ohm kO.1 p e r  c e n t  r e s i s t o r  t o  P in  9. S e t  0 v o l t  on t h i s  power 
s UPP 1 Y  

4. Connect Pins 8 and 12 toge ther .  

5. Connect a 1.8 K-ohm r e s i s t o r  t o  Pin 6 .  

6 .  Connect a -2 iO.001 v o l t s  t o  P in  8 (and 12). 

7. Connect a d i f f e r e n t i a l  
SCHEMATIC : 

vol tmeter  across  the 1 K r e s i s t o r  connected to P i n  10. 

_ .  
TEST PROCEDURE : 

1. Adjus t  V1 u n t i l  V i n d i c a t e s  1.0 v o l t .  X 

2. Remove t h e  d i f f e r e n t i a l  vo l tme te r  and connect between P in  9 and negat ive  
t e rmina l  of V I .  

PNP 3 .  Record the  reading  of t h e  d i f f e r e n t i a l  vo l tmeter  as V 
TT 

1 v o l t  - "X 4 .  B = - -  
h P  %P 



Y 

PARAMETERS READINGS 

_ .  
0.5 v 

vPNP 

CIRCUIT TYPE: H- 1 

LIMITS DURING TEST 

0.01 - 2 volts 

TEST NUMBER: - 8 

TEST PROCEDURE CONTINUED: 

APPROXIMATE READINGS AND LIMITS EXPECTED 


